Dusty plasma is a quasi-neutral assembly of ions, electrons, and charged microparticles. A great deal of effort has been devoted in recent years to study dusty gas-discharge plasma. This fact is primarily associated with the fact that dust particles interacting with one another may form ordered structures similar to liquid or solid. Studying the physical properties of such strongly interacting systems is of interest, on the one hand, from the standpoint of fundamental physics and, on the other hand, for various applications.
In this paper we report the first results of investigation of the compressibility factor, compressibility, the internal energy of dusty plasma and the interaction potential of dust particles that based on the integral equations approach and experimentally obtained pair correlation functions of ordered dust particles' structures. We carried out measurements of binary correlation functions of plasma-dust structures formed in the electrode layer of a capacitive radio-frequency (RF) discharge. Two plate electrodes are placed in a vacuum chamber. The lower, grounded, electrode is a metal disk of diameter d = 19 cm. The upper electrode located at height H = 5 cm above the lower one has the form of a ring with outside diameter d out = 19 cm and inside diameter d in = 5 cm. During the experiment, the vacuum chamber was filled with argon at pressure P g = 5 mbar and P g = 16 mbar, the voltage from a radio-frequency oscillator with a frequency of 13.56 MHz was applied to the electrodes, and a glow discharge was ignited between the electrodes in the argon atmosphere. Monodisperse dust particles 5.51 mkm in diameter were dropped into the discharge from a special container.
For visualization, the resultant structure was illuminated by a ribbon beam of a He-Ne laser ( = 633 nm). In this case, the laser beam was the so-called "laser sheet" 2.5 cm wide with a characteristic thickness in the waist region of 200 µm. As a result, the horizontal cross section of the dust formation was accessible to observation. The position of dust particles was registered by a video camera (see Fig. 1 ). 
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In the hypernetted-chain approximation (HNC), which is most frequently used compared to other approximations, the bridge functional is zero, and the closure is 
where a is some constant.
We can use the Ornstein-Zernike equation to represent the function in the form 
Two measured correlation functions were selected for the calculation of the potential parameters. We approximated the potential energy, which was found using the measured correlation functions, by the expression for screened Coulomb potential of arbitrary charge and screening radius,
The parameters Z (charge of the particle) and d (screening radius) are found from the condition of best correspondence of the functions of U and W. The potential U was calculated by formulas (1)- (7). In Fig. 2a one can see the first correlation function and in Fig. 2b -the potential calculated for it. In Fig. 3a one can see the first correlation function and in Fig. 3b - the potential calculated for it. We assume that a subsystem of dust particles is in the state of local thermodynamic equilibrium at temperature T d . In this case we can use the measured correlation functions and the obtained potential to find some thermodynamic parameters of such a system of dust 33rd EPS 2006; A.V.Gavrikov et al. : Investigation of the Interaction Potential and particles, first of all, the partial pressure of the dust component P d . We apply the known formula from to write 2
